
CO 



Office 



PRIORITY DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH 
RULE 17.1(a) OR (b) 



Rec'dPCT/PTO 2 2 APR 2005 

rL I/GB 200J/ 0 0 4 5 23 




INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport I 

South wjIrecd 14 NOV 2003 

NPIO 8Q 2 



WIPO 



PC 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of flie 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
ongmally fUed in connection with the patent application identified therein 



In amirdai^ with the Patents (Companies Re-registration) Rules 1982, if a company named 
in ais certificate and any accompanying documente has re-registered under the Companies Act" 
1980 with the same name as that with which it was registered immediately before re- 
registrataon save for the substitution as, or inclusion as, the last part of the name of the words 
public lunited company" or their equivalents in Welsh, references to the name of the company 
f ^^^^^^^ accompanying documents shall be treated as references to the name 

with which it IS so re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by p.l.c, 
plc, P.L.C. or PLC. ' 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects ^ company to certain additional company law rules. 




Signed ^^^^'^ 
Dated 4 Novein^r 2003 

BEST AVAILABLE COPY 



An Executive Agency of the Department of IVade andlndustrv 



ctl977 



/r^*. 

23 OCT 2002 ] 



(See the notes on die back of ibis 
explanatory lea&et&om thePatent 0£SceS^S3py!m£nin 
Ais ibrm) 




The Patent OjQice 



CardififRoad 
Newport 
South Wales 
NP10 8QQ, 



1 . Your reference 



2, Patent application number 

(The Patent Office wiUfia in tbis part) 



Jg-2910 



0224724.5 



3. Full name, address and postcode of the or of 
each applicant (underUne aU surnames) 



Patents ADP number ^you knotv u) 

If the applicant is a cotporate body, give the 
country/state of its incoxporation 



4. Title of the invention 



PIASM5L ANIENNAS LIMEEED 
16-17 Coirpass Pointy 
Ensign Way, 
Hairible^ 

Southairpton, "^^P^O I Q>^1^ 

S031 4RA ^ , ^ 

U&iited Kingdcm 



AN ELBCraCMAGNETIC SWITCH 



5. 


Name of your agent (^you have one) 

"Address for sendee" in the United Kingdom 
to which all correspondience should be sent 
CinduOtng tbe postcode) 


Graham Jones & Coiipany 

77 Beaconsf ield Road, 
Blackheath, y 
London y 
SE3 TIG y 




Patents ADP number Ctfyou know it) 


2097001 


6. 


If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and c^you know it) the or 
each application number 


Country Priority application number Date of filing 

Cifyou know it) OUty/ month /year) 


7. 


If this application is divided or otherwise 
• derived J&om an earlier UK application, 
give the number and the filing date of 
the earlier application 


Number of earlier ^plication Date of filing 

Cday / month /year) 



8, Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer 'Ves'if: 

a) atyf applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 



applicant or 
c) ofty named applicant is a cotporate body. 
See note C4» 



Patents Foim 1/77 

•9. Enter tfae numher of sheets for any of the 
fbnowinig items Vovt%^^ witji tbis form. 
Do not count copies of the same document 

.1 >" - Continmtion sheets of this fonn 

Description 

ClaimCs^ 
Abstract 

DncwingCs;) 



10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Bom 7/77) 

Request for preliminary examination 
and search 0?atents Form 9/77) 

Request for substantiv^e examination 
(patents Form 10/77) 



Any other documents 

(please specify) 



11. 


1/We reques 


NJie gifitnt of P^atent on the basis of this application. 




Signatur^s^ 


Cl/^Jr^^^ ^^^^ 23/10/02 


12. Name and daytime telephone number of 

person to contact in the United Kingdom 


m:. G.H. 


Jones 020 8858 4039 



Warning 

After an appUcaUonfor a patent has been filed, the Comptroller of the Patent Office udU consider whether pubUcation 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Aa 1977 stops you from applying for a patent abroad without first getHng 
tvritten permission from the Patent Office unless an application has been filed at least 6 weeks beforishand in the 
United Kingdom for a patent for the same invention and either no direction proFyibiting publication or 
communication has been given, or any such direction has been revoked 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 08459 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheef in the releva$tt partCs). Any continiiation sheet should be 
attached to this form, 

d) If you have answered 'Yes* Patents Form 7/77 wiU need to be filed 

ey Once you have filled in the form you must refnember to sign and date it. 
f). i%>r details of the fee and ways to pay please contact the Patent Office. 




Patents Fotm 1/77 



1 

AN ELECTROMAGNETIC SWITCH 

Field of the Invention 

This invention relates to an electromechanical switching element. 
The electromechanical switching element may be used selectively to reflect 
or absorb or othenwise influence an incident electromagnetic radiation. The 
electromechanical switching element may be of such a size as to readily be 
Incorporated into microstrip and other known media used to guide and 
confine the electromagnetic radiation throughout a broad microwave 
spectrum. The invention may be especially applicable to millimetric or 
terahertz technologies within the fields of telecommunications, radar, 
sensing and dynamic tracking. 
Background of the invention 

Electromagnetic radiation may be confined and directed by means of 
known transmission line structures such as those generally described as 
microstrip, or by means of waveguides. Switches and directors of the 
electromagnetic radiation may be configured by the placement of elements 
within the plane of a propagated electric field. The magnitude of the effect 
of the said elements upon the propagated signal is dependent, upon the 
physical extent and position of the element and its degree of electrical 
conductivity. 
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Description of the Prior Art 

Our Patent Application No. PCT/GB02/01925 entitled "An 
Electromagnetic Delay Line with Photonic Control", describes how the 
incorporation of distributed switches along the propagation path of an 
electromagnetic microstrip structure may be used to control the time delay of 
a signal through that structure. The switches are made of semiconductor 
media subject to electrical carrier stimulation through optical illumination or 
otherwise through electrical carrier injection by electrical means. 

Our Patent Application No. PCT/GB01/02813 (WO 02/01671) entitled 
"An Antenna" describes a microwave antenna comprising essentially parallel 
conducting plates that enclose an intrinsic semiconductor medium. A 
pattern of distributed transversal conducting elements is used to conduct the 
directivity of the antenna. Filaments are produced by optical or electrical 
stimulation In selected regions of the semiconductor medium. 

In the above two patent applications, electromagnetic radiation is 
affected by the extent and conductivity of the filaments, or carriers, 
otherwise described as a plasma. 
A Brief Description of the Invention 

It is an aim of the present invention to provide an electromechanical 
switch that may readily be incorporated into known electromagnetic 
transmission means such as planar micro strip systems and waveguide 
systems. 

Accordingly, in one non-limiting embodiment of the present invention 
there is provided an electromechanical switch element that is able to be 
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used to influence the propagation of an electromagnetic signal within a 
guiding medium. 

The guiding medium may be a planar guiding medium. The guiding 
medium may be a waveguide. 

The guiding medium may be made of a semiconductoral material. 

In another non-llmlting embodiment of the present Invention there Is 
provided an electromechanical switch element that is activated by 
displacement of conducting elements, the displacement being forced 
through electrostatic, electric field, magnetic field, thermal or other means. 

The conducting elements may be in the form of polymers powders or 
liquid suspensions. 

The electromagnetic switch element of the present invention may 
comprise: 

(a) microwave guidance means; 

(b) at least one conductive element that is able to be selectively 
introduced into the guidance means such as to affect the 
propagation of electromagnetic energy within the guidance 
means; and 

(c) at least one element of controllable reflectivity that may be 
used to affect the spatial distribution of the electromagnetic 
energy by absorption of energy. 

The present invention enables electromechanical influence of an 
electromagnetic signal through the activation of small mechanical reflectors 
and absorbers. The apparatus of the present invention may be designed by 
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ealculation of the required geometrical disposition of the switching elements 
and the reflective or absorptive effect of those elements in order to control 
propagated electromagentic signal characteristics such for example as 
power and spatial distribution. The invention may be applied to free-space 
direction of telecomrhunications or other microwave traffic. The invention 
may be applied to active antennas which may be used In tracking 
applications such for example as on-board vehicular data handling and 
satellite communications. The present invention may be applicable 
throughout the exploited range of microwave frequencies, and it may be 
extended through miniaturisation to terahertz regions in excess of 100 GHz 
frequencies. 

The electromechanical switch element may be such that the 
microwave guidance means are parallel conductive plates. 

The invention may be regarded as a device that may controllably 
exhibit the properties of high conductivity through to high resistivity. A 
plurality of the devices may be arranged to replicate the effect of a 
distributed plane or contour of reflectors. Furthermore, partially reflective 
elements may be used advantageously to modify the spatial distribution of 
energy within the propagated signal. 

The invention may be regarded as being based upon the realisation 
that localised plasmas may be otherwise implemented in the form of 
conductive metallic elements. Various mechanical designs may be 
employed to illustrate typical mechanisms for controlling the physical extent 
and degree of influence of the conductive metallic elements. 



The present invention may provide the following advantages. 
Reduced power requirement. 
Higher electromagnetic frequency limitation. 
Lower added electromagnetic noise. 
Lower temperature sensitivity. 
Lower electromagnetic attenuation. 
Enhanced precision of control. 
The present invention also extends to a distributed array of the 
electromechanical switch elements. The electromechanical switch elements 
may be able to be controlled through associated logic devices. 

The present invention also provides a miniaturised active 
electromagnetic antenna including at least one of the electromechanical 
switch elements, or at least one of the distributed arrays. 

The present invention also provides an active electromagnetic delay 
line including at least one of the electromechanical switch elements, or at 
least one of the distributed arrays. 

The antenna or the delay line may be designed by calculation of 
geometry and material properties to perform in specific applications relating 
to telecommunications, radar, scanning, Inspection, and other forms of 
imaging. 

Brief Description of the Drawings 

Embodiments of the invention will now be described solely by way of 
example and with reference to the accompanying drawings in which: 
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Figure 1 shows an electromagnetic switch used to reflect a greater 
proportion of incident energy when activated; 

Figure 2 shows an electromagnetic switch used to absorb a greater 
proportion of incident energy when activated; 

Figure 3 shows an electromagnetic switch used to allow transmission 
of a greater proportion of incident energy when activated; 

Figure 4 shows electromagnetic switches In the distributed form of a 
transmission line, with the switches being such that they be used to control 
reflection, transmission and time delay of the transmitted energy; 

Figure 5 shows an electromagnetic switch element within a 
waveguide medium, the electromagnetic switch element being such that it 
may be used to absorb, reflect or transmit proportions of electromagnetic 
energy; 

Figure 6 shows a surface electromagnetic switch operated by a 
sliding metallic element which may be forced to move by electrostatic or 
magnetic means; 

Figure 7 shows an electromagnetic switch operated through a 
waveguiding medium, the switching element being a magnetised element 
that may be induced to move through an applied magnetic field; 

Figure 8 shows an electromagnetic switch operated through a wave 
guiding medium, the switching element being a mechanical element that 
may be induced to change shape when subject to an electrical current; 

Figure 9 shows an electromagnetic switch operated through a wave 
guiding medium, the switching element being a fluidic medium that may be 



induced to move through the switch by pressure from a piezo-electric or 
other mechanical device; 

Figure 10 shows a planar electromagnetic switch, the switching 
element being a fluidic medium that may be induced to move through the 
switch by pressure from a plezo-electric or other mechanical device; 

Figure 1 1 shows an electromagnetic switch operated through a wave 
guiding medium, the switching element being a fluidic medium containing a 
molecular suspension that may be induced to change alignment of 
suspended molecules through an applied electric or magnetic field; 

Figure 12 shows an electromagnetic switch operated through a wave 
guiding medium, the switching element being a powder medium that may 
be induced to move within the switch by application of electric charge; 

Figure 13 shows an array of switches that may be selectively 
addressed in order to replicate the effects of a distributed reflector; and 

Figure 14 shows a linear array of switches that may be selectively 
addressed in order to control propagation characteristics of a planar 
transmission line. 

Details Description of the Drawings 

Referring to Figure 1, there is shown how a reflective switch plays a 
crucial role in directing microwaves within an antenna or basic microwave 
device. Typical reflective devices are electrically biased PIN diodes in 
transmission lines, or mechanically positioned surfaces in waveguides. 

In the present invention, a variety of MEI\/IS are used by way of 
illustration to perform the sani^e functional operations in a lens/plasma 
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reflector antenna (see the above mentioned Patent Application No. 
PCT/GB02/01925) and plasma control EBG time delays (see the above 
mentioned Patent Application No, PCT/GB01/02813) as the plasma 
generating PIN devices. Potential advantages are as follows: 

Lower quiescent power requirements. 

Higher frequency operation. 

Lower noise. 

Wider temperature operation. 
Lower loss. 
Finer control. 

. The choice of reflecting media depends largely on Sneirs and 
FresneFs Laws, which relate to the complex permitivity of the media and the 
angle of incidence, to predict the relative strengths of the reflected, the 
absorbed and the transmitted signal, together with their angles of reflection 
and refraction. The complex permitivity is given for any material by the 
plasma equation. The essential difference between this and the above 
mentioned earlier two patent applications is that the switching media is 
mechanically moved rather than generated locally by optical, magnetic or 
electrical stimulation of a semi-conductor of a ferro-electric material 

The approach has the above advantages that it is not constrained to 
semi-conductor materials. The switching media could be either a metal or a 
dielectric, depending on the geometry of the device. The switching media 
could be used in either liquid, solid or gaseous forms. 
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Referring now to Figure 2, there is shown an EM absorptive switch 
which is the same as the reflective switch shown in Figure 1 except that the 
media is absorptive to electromagnetic waves. Multiple switches may be 
arrayed to permit greater absorption. The absorptive switch may be used to 
control attenuation and reduce unwanted signals. In antenna design, this is 
an important function In controlling aperture tapers, which in turn may 
reduce sidelobes and increase directivity. 

Referring now to Figure 3, there is shown an electromagnetic 
transmissive switch which may be thought of as allowing efficient 
electromagnetic transmission. The electromagnetic transmissive switch 
may therefore act as a guide for an electromagnetic wave with minimum 
absorptive or reflective losses. In fact, all the three switches shown in 
Figures 1, 2 and 3 essentially change the relative balance between 
absorption, reflection and transmission, with the dominance of one effect 
over another defining the type of switch. By replacing one medium with 
another, for example a dielectric with a metal, the switch changes its state. 
Commonly, air (or free space) may be one of the media. 

Referring now to Figure 4, there Is shown an electro-magnetic band 
gap transmission line. By opening and closing holes in the ground plane in 
the transmission line, the transmission line may become reflective, 
transmissive or absorptive in a very controlled way. The speed of 
propagation down the transmission line can also be controlled. 

Later Figures illustrate how different media may be moved in and out 
of the holes in order to provide highly controlled devices that form useful 
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electromagnetic devices that can be incorporated into low power antennas 
and other microwave devices. 

Referring now to Figure 5, there is shown a parallel plate waveguide 
containing a control space which may be filled with different media in order 
to allow variable controllable amounts of absorption, reflection and 
transmission. In the case of a lens/reflector antenna, the reflective mirror is 
generated from plasma. The reflective, absorptive or transmlssive material 
is changed or substituted by mechanical movement. 

Referring now to Figure 6, there is shown an EBG device where the 
holes in the metal ground plane are opened and closed by moving a sliding 
metal shaft under electrostatic forces. The metal shaft nfiay have to be 
insulated and be able to support an Induced distribution. Alternatively, 
electromagnetic forces may be used to move the metal shaft using a 
solenoid process. 

Figure 7 shows a central magnetic shaft that can be moved back and 
forth through the thickness of a parallel waveguide, under the influence of a 
magnetic force generated by surface solenoids. The central magnetic shaft 
can be composed of sectioned materials that have different dielectric 
properties. Thus, for example, an upper part of the central magnetic shaft 
may be made of absorbing material, and a lower part of the shaft may be 
made of reflecting material. 

Figure 8 shows a mu-metal spiral actuator which has a naturally flat 
shape. Under electrical heating, the flat spiral distorts to a conical spiral, 
which lifts the centre through the thickness of the shaft. When the heating 
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current is removed, the spiral returns to its natural flat shape, thus 
depressing the shaft. The shaft can be made out of an absorbing, 
transmitting or reflecting material, or some combination thereof. 

Figure 9 shows a fluidic through thickness switch. In Figure 9, there 
is shown a large reservoir 1 of conducting fluid which can be moved into a 
capillary tube 3 by compressing the reservoir 1 using a piezo-electric or 
other electromechanical device 2. The large reservoir 1 allows a hydraulic 
effect to be implemented, where the fine capillary tube 3 can quickly be filled 
by a small motion of the contracting reservoir 1. 

Figure 10 shows two surface fluidic switches where a fluidic pumping 
chamber 1 is connected to a secondary chamber 12 which sits above a gap 
in an EBG structure. By forcing conducting liquid into the region 2. the band 
gap may be closed. For clarity, the transmission line has been omitted from 
Figure 10. The reduction in volume of the chamber 1 may be achieved 
using either a piezo-electric or an electro-mechanical device (not shown) 
closely located to the fluidic pumping chamber 1 . By increasing the volume 
of the fluidic pumping chamber 1, the liquid may be extracted from the 
secondary chamber 2. The viscosity and surface tension of the conducting 
liquid will be chosen such that the conducting liquid remains cohesive and 
does not disperse within the fluidic pumping chamber 1 . Micro-pores may 
be introduced in order to allow air to escape during exchange of liquid 
between the chambers, so as to allow the action to take place but these 
pores will be sufficiently fine to prevent liquid passing. 
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Figure 11 shows two molecular switches in their different states. By 
way of example only, the molecules are shown in suspension, aligned and 
at right angles to the upper and lower surfaces of the parallel plate 
waveguide. In their aligned state, the material will not conduct and will thus 
form a transmissive switch. In their opposite state, the material will conduct 
and the material and the switch will be reflective. In general, either a local 
electric or magnetic field will need to be applied to orientate the molecules 
correctly. Alternatively, a carbon loaded polymer may be put under strain to 
change its electrical resistance in order to achieve similar effects. 

Figure 12 shows a through-thickness powder switch. In Figure 12, a 
fine powder is contained in a chamber. When the chamber is discharged, 
the powder is freely distributed about the volume. When the chamber Is 
charged, the particles are attracted to the surface of the chamber where 
they fomri a reflective column. Alternatively, a conducting or absorbing 
vapour may be sustained within the volume through heating. When the 
heating is removed, this allows the vapour to condense, leaving the 
chamber in a transmissive state. Alternatively, the powder may be moved 
from the upper and lower surfaces to the sidewalls of the chamber by 
charging the surfaces, thus changing the transmissive properties of the 
switch. A similar configuration in reverse may be used to close holes in a 
ground plane. 

Figure 13 shows a lens/reflector through-thickness MEMS array. 
More specifically. Figure 13 shows an array of through-thickness MEMS 
devices with x, y addressing. A curved reflector has been created within a 
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flat circular lens by setting the MEMS switches appropriately. The two flat 
surfaces of the lens have been metallised to create a parallel plate 
waveguide. The reflector can be moved around the centre feed to provide a 
controllable beam, by adjusting a pattern to match the required shape of the 
reflector. If the MEMS switches are designed to latch, then the control 
circuitry is simplified. If the stable state can be maintained for zero or little 
energy, the device becomes a very low power device. 

Figure 14 shows a MEMS EBG array, where a five band gap 
structure has been arranged above a micro-strip transmission line. Each of 
the EBG surface MEMS devices can be controlled individually in order to 
allow different degrees of closure of the ground plane. By varying the 
degree and pattern of closure, the speed of transmission along the line can 
be controlled. 
System Overview 

It will be appreciated from the description of the Invention with 
reference to the accompanying drawings, that the present invention is able 
to controllably attenuate, direct or othenAfise affect electromagnetic signals 
within a guidance medium. The present Invention is especially directed at 
miniaturised monolithic antenna structures, applicable throughout the 
presently exploited microwave spectrum and extendable by means of so- 
called nano technology to frequencies in excess of 100 GHz. 

It is also to be appreciated that the mechanical means to introduce 
and control the active media as described above with reference to the 
accompanying drawings have been given by way of example only and that 
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modifications may be effective. Descriptions and details of well known 
components and techniques have not been described above where they 
have not been deemed to be essential to the understanding of the present 
invention. 
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CLAIMS 

1. An electromechanical switch element that is able to be used to 
influence the propagation of an electromagnetic signal within a guiding 
medium. 

2. An electromechanical switch element according to claim 1 in which 
the guiding medium is a planar guiding medium. 

3- An electromechanical switch element according to claim 1 or claim 2 
in which the guiding medium is a waveguide, 

4. An electromechanical switch element according to claim 1 or claim 2 
in which the guiding medium is made of a semi-conductor material. 

5. An electromechanical switch element that Is activated by 
displacement of conducting elements, the displacement being forced 
through electrostatic, electric field, magnetic field, thermal or other means. 

6. An electromechanical switch element according to claim 5 In which 
the conducting elements are In the fomi of polymers, powders or liquid 
suspensions. 
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7. An electromechanical switch element according to any one of claims 
1-6 and comprising; 

(a) microwave guidance means; 

(b) at least one conductive element that is able to be selectively 
introduced into the guidance means such as to affect the 
propagation of the electromagnetic energy within the guidance 
means; and 

(c) at least one element of controllable reflectivity that may be 
used to affect the spatial distribution of the electromagnetic 
energy by absorption of energy. 

8. An electromechanical switch according to claim 7 in which the 
microwave guidance means are parallel conductive plates. 

9. An electromechanical switch element, substantially as herein 
described with reference to the accompanying drawings. 

10. A distributed array of the electromechanical switch elements 
according to any one of the preceding claims, 

11. A distributed array according to claim 10 whereby the 
electromechanical switch elements are able to be controlled through 
associated logic devices. 
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12. A miniaturised active electromagnetic antenna including at least one 
electromechanical switch element according to any one of claims 1 - 9, or at 
least one distributed array according to claim 1 0 or claim 11. 

13. An active electromagnetic delay line including at least one 
electromechanical switch element according to any one of claims 1 - 9 or at 
least one distributed anray according to claim 10 or claim i1. 
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ABSTRACT 
AN ELECTROMAGNETIC SWITCH 



An electromechanical switch element that Is able to be used to 
influence the propagation of an electromagnetic signal within a guiding 
medium. An electromechanical switch element that is activated by 
displacement of conducting elements, the displacement being forced 
through electrostatic, electric field, magnetic field, thermal or other means. 
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Figure 1 EM Reflective Switch (R»T+A) 
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Figure 2 EM Absorptive Switch (A»R+T) 
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Figure 3 EM Transmissive Switch (T»R+A) 




Figure 5 Parallel Plate Wave Guide 




Figure 9 A Through Thickness Fiuidic Switch 




Figure 11 Through-thlcicness Molecular Switch 




Figure 12 Through-lhlclcness Powder Switch 
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Figure >^ Lens/Reflector tlirough-tliickness MEMS Array 




Figure M MEMS EBG Array 
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